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Abstract: The development of nanoscaled materials has deserved a remarkable interest for biomedical applications. 
Biological tissues are essentially composite materials with particular mechanical properties that should be carefully 
considered during the design of innovative biomedical scaffolds. Electrospun membranes are often found in medical 
applications due to its high specific surface which creates a 3D porous structure that mimics the native extracellular 
matrix. These electrospun membranes can also be designed to have enhanced mechanical properties, biocompatibility 
and cellular response making them appealing and inspiring to be used in composites materials. 
This paper reviews the new insights in the development of advanced nanostructured composites materials based on 
electrospun fibers. From tissue engineering to bioelectronics, these composite materials can be found in the most 
promising research developments for the medical applications. 
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1. INTRODUCTION 
Advances in nanotechnology gave the possibility of 
tailoring the material structures at the nanometer scale. 
Nanomaterials have similar sizes to that of most 
biological molecules and structures. Consequently, 
they are useful for both in vivo and in vitro biomedical 
applications [1]. The integration of nanomaterials with 
biology has led to the development of innovative 
diagnostic devices, analytical tools, physical therapy 
applications and drug delivery vehicles [2].  
In the following section this paper reviews the 
techniques used for nanofibers production giving 
special attention to electrospinning. Considering 
medical applications, an overview about electrospun 
fibers is given foreseeing the developments of 
composites materials with improved properties. 
2. NANOFIBERS 
Nanofibers are nanostructures that have at least 
one dimension in the nanometer scale. Being a two-
dimensional nanomaterial, nanofibers normally have 
their diameters between tens and hundreds of 
nanometers. Due to the low diameter size, they have 
high specific surface area, which is an attractive 
physical characteristic for a wide range of applications. 
For that reason they also exhibit new or enhanced size-
dependent properties when compared with larger 
structures of the same material [3].  
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Several methods such as drawing [4], phase-
separation [5], template [6], self-assembly [7] and 
electrospinning [8] have been used to fabricate 
nanofibers. The drawing process makes a single fiber 
at each time using a sharp tip. For instance, the tip of 
an atomic force microscope (AFM) can be used to pull 
a fiber from a droplet of a viscoelastic solution by 
applying a voltage [4]. This process is possible only 
with viscoelastic materials that undergo strong 
deformations while being cohesive enough to support 
the stresses developed during the drawing. The phase 
separation method consists in mixing the polymer and 
the solvent before gelation. After phase separation, the 
solvent is removed by drying and a porous nanofibrous 
structure is created [5]. However, the whole process 
takes relatively long time. For the template synthesis, a 
nanoporous membrane is used as a template to make 
nanofibers with controlled shape and diameter [6]. This 
method allows the use of electronically conducting 
polymers, metals, carbon-based materials and 
semiconductors as raw materials. An additional 
process is the self-assembly in which individual pre-
existing components organize themselves into desired 
patterns and functions [7]. The intermolecular forces 
are the main mechanism responsible for the 
assembling of molecule units that determine the shape 
of nanofibers. Similarly to the phase separation 
process, self-assembly is a time-consuming process for 
the production of continuous polymer nanofibers. The 
usefulness of these methods is restricted by a limited 
number of material combinations, high costs and low 
production rates. In contrast, electrospinning is perhaps 
the simplest process for producing nanofibers with 
relatively high productivity. Electrospinning is a broadly 
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used technology that uses an electrical field to create a 
charged jet of a polymer solution [9]. In a conventional 
setup, a polymer solution passes through a capillary 
and a high voltage is applied such that the particles 
within the solution are charged creating a repulsive 
force. At a critical voltage, the repulsive force 
overcomes the surface tension of the solution and a jet 
erupts from the tip of the capillary towards a grounded 
collector. There are a wide range of polymers and 
precursors that can be electrospun such as PLA [9], 
polyurethanes [10], silk fibroin [11], collagen [12], 
cellulose and its derivatives [13, 14], composites [15], 
and ceramics [16]. The electrospinning is then a 
versatile and inexpensive way to produce nanofibers 
with controllable sizes and properties.  
The electrospinning also enables the production 
highly porous 3D structures having large surface to 
volume ratios with suitable physical and chemical 
properties for a wide variety of applications, such as 
sensors [17], antibacterial surfaces [18], scaffolds [19], 
photocatalyst [20] and solar energy applications [21] 
(Figure 1). Moreover, electrospinning has the 
advantage of combining different materials with 
singular morphological structures making it a powerful 
tool to design functional materials, especially for 
biomedical applications. For instance, conventional or 
modified electrospinning setups can be used to 
encapsulate biomolecules or bioactive molecules into 
fibers [19]. 
3. ELECTROSPUN FIBERS IN COMPOSITE 
MATERIALS  
A composite material is commonly defined as a 
material composed by two or more phases: a matrix (or 
a continuous phase) and at least one dispersed phase. 
The continuous phase is responsible for the structure 
of the composite (volume) and act as a support for the 
dispersed material(s). The dispersed phase is typically 
responsible for enhancing one or more properties of 
the matrix. Most of the composites are designed to 
have enhanced mechanical properties, as stiffness and 
strength, but the improvement of thermal, electrical, 
density or bioactivity properties should also be 
considered. The resulting synergism allows the design 
of materials with properties that are unavailable from 
the individual constituents [22].  
The 3D porous structure of electrospun membranes 
mimics the native extracellular matrix (ECM). 
Additionally to its high specific surface, electrospun 
membranes can be easily designed to have enhanced 
mechanical properties, biocompatibility and cellular 
response, making them appealing to be used in 
composites materials. For that reason, in the following 
subsections is given a detailed overview of the recent 
developments using electrospun fibers in composite 
materials for medical applications. 
 
 
Figure 1: Some applications of electrospun nanofibers. 
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3.1. Tissues Engineering 
Tissue engineering has emerged as an 
interdisciplinary field that applies the engineering and 
life science principles to develop biological substitutes 
for restoring, maintaining or improving the function of 
human tissues. One of the main challenges in this field 
is the design and engineering of scaffolds or polymeric 
matrices that mimic the structure and biological 
functions of the ECM [3].  
A functional scaffold should possess a high degree 
of porosity with an appropriate pore size distribution 
and interconnectivity. It is also required that its 
structural integrity prevents the collapse of scaffold’s 
pores during neo-tissue formation. Furthermore, the 
scaffold should be nontoxic, biocompatible and interact 
with the cells to promote adhesion, proliferation, 
migration and differentiated cell function [23]. Many 
studies can be found in literature where scaffolds made 
of electrospun nanofibers have been used for 
mimicking tissues such as blood vessels [24-26], bones 
[27, 28] and muscles [29, 30]. 
3.1.1. Blood Vessels 
Tissue engineering of blood vessels is mostly 
focused on the development of vascular grafts with 
small diameter (inner diameter < 5 mm). The long-term 
patency of small-diameter vascular grafts is still a 
challenging issue because of easy restenosis caused 
by thrombosis and bursting pressure. For that reason, 
tissue engineering offers an alternative approach to 
address the need for small-diameter vascular grafts 
through the design of non-thrombogenic interface [3]. 
Electrospinning provides the construction of 
vascular scaffolds due to the simplicity of shaping 
tubular constructs using rotation and translational 
motion. Vaz [15] and colleagues have been using a 
sequential multi-layering electrospinning with a rotating 
mandrel-type collector to produce scaffolds that mimic 
morphologically and mechanically the architecture of a 
blood vessel. It is well known that in the media layer of 
the native blood vessels, the smooth muscle cells 
(SMCs) and collagen fibrils have a marked 
circumferential orientation to provide the mechanical 
strength necessary to withstand high circulatory 
pressures [3]. Additionally, the intima layer of the native 
blood vessels consists in endothelial cells coating the 
vessels internal surface. Between those two layers 
exists an internal elastic lamina mainly composed of 
elastin, which confers elastic properties to the blood 
vessels. Therefore, a bi-layered tubular scaffold 
composed by oriented and stiff PLA fibers in the 
outside and random and elastic PCL fibers in the inside 
was proposed [15]. The fabricated scaffold showed a 
desirable level of malleability (elastic up to 10% strain) 
and proved to be capable of promoting cell growth and 
proliferation making it suitable for blood vessel tissue 
engineering.  
The electrospinning of collagen and elastin has also 
become possible [31]. These two biopolymers are the 
main structural components of the vascular ECM. 
Collagen is responsible for the structural integrity and 
tensile strength of tissues and elastin gives them 
elasticity. Electrospinning of pure collagen or elastin 
have showed some limitations due to the poor 
mechanical properties of the produced fibers. 
Incorporation of biodegradable synthetic polymers into 
the structure will impart the scaffolds’ strength which 
will simultaneously maintain a high level of bioactivity 
due to the presence of the biopolymer (collagen or 
elastin). Lee [24] has reported the fabrication of a 
composite vascular scaffolding system by 
electrospinning polycaprolactone (PCL) and collagen 
(type I) blends. These composite scaffolds were 
designed to provide sufficient biomechanical properties 
and configured to accommodate vascular endothelial 
and smooth muscle cells for use in vascular tissue 
engineering applications. Polycaprolactone is an 
aliphatic polyester that degrades slowly and possesses 
high tensile and elongation properties for vascular 
grafts. The resulting composite scaffold showed good 
biocompatibility and support for cell growth and 
proliferation in vitro.  
The production of electrospun fibers with 
biomolecules or bioactive molecules such as enzymes, 
drugs and viruses is possible by using different 
methods: physical adsorption, blend electrospinning, 
coaxial electrospinning, or covalent immobilization [3, 
19]. The physical adsorption method consists in the 
attachment of biomolecules to the electrospun 
membrane via electrostatic forces. This can be 
achieved through fiber immersion into the solution that 
contains the biomolecules. In blend electrospinning, the 
biomolecules are mixed within the polymer solution. 
The mixed solution is then electrospun to fabricate a 
hybrid structure. Using the coaxial electrospinning, the 
polymer solution and the biological one are coaxially 
and simultaneously electrospun producing composite 
nanofibers with a core-shell structure. Finally, 
biomolecules can be immobilized onto the nanofiber 
surface via chemical bond.  
During tissue repair, growth factors induce specific 
biological responses including cell proliferation and 
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migration, matrix synthesis, angiogenesis and release 
of growth factors. For an appropriate regeneration of 
small-diameter blood vessels, the proliferation of 
vascular endothelial cells (VECs) is desirable on the 
lumen of the graft in the first 7 to 10 days, followed by 
the growth of vascular smooth muscle cells (VSMCs) 
on the outer layer which makes the tissue regeneration 
more stable without thrombosis or burst.  
Vascular endothelial growth factors (VEGFs) can 
stimulate endothelialization and it can also inhibit 
excessive proliferation of VSMC [32]. Conversely, 
platelet-derived growth factor has high ability to 
stimulate VSMCs proliferation [33]. To overcome this 
problem, different release devices must be designed to 
control the rapid delivery of VEGF and prolonged 
release of platelet-derived growth factor-bb (PDGF). 
For that purpose, two modified coaxial electrospinning 
techniques were developed by Zhang [26] to 
encapsulate VEGFs and PDGF, respectively, in order 
to regulate proliferation of VECs and VSMCs. The 
double-layered membranes were prepared via coaxial 
electrospinning of chitosan hydrogel/poly(ethylenegly-
col)-b-poly(L-lactide-co-caprolactone) (PELCL) in  
the inner layer for loading VEGF and methoxy 
poly(ethylene glycol)-b-poly(L-lactide-co-glycolide) 
(PELGA) emulsion/PELCL in the outer layer for  
loading PDGF. PELGA was added to PELCL by 
emulsion/coaxial electrospinning to slow down the 
initial release rate of PDGF and accelerate it in the later 
release period. 
These authors have found that dual-release of 
VEGF and PDGF could effectively accelerate VEC 
proliferation in the first 6 days and slowly moderate 
VSMC proliferation in the initial 3 days while generating 
rapid proliferation after day 6. In summary, dual-
delivery of VEGF and PDGF using the modified 
electrospun membranes may facilitate revasculari-
zation and can bring great benefits for blood vessel 
regeneration. 
3.1.2. Bones 
Electrospun nanofiber meshes have been studied 
intensively in bone tissue engineering due to their 
ability to support cell growth and differentiation into 
osteogenic phenotypes. A key cellular phenotype is the 
osteoblast, which is the cell type that lays down the 
ECM of bone tissue and is thus the target cell type for 
recruitment and differentiation in bone reconstruction 
[3].  
Synthetic polymers and their copolymers, natural 
polymers, composites of natural and synthetic 
polymers, inorganic materials, such as bioactive glass 
and hydroxyapatite (HA), and composites of inorganic 
materials with synthetic and natural polymers have 
been used to produce appropriate nanofiber scaffolds 
for osseous tissue engineering. A scaffold that 
maintains stability and promotes cell growth and 
proliferation but gradually degrades along with the 
construction of new tissues is required. Ultimately, it 
should be completely replaced by the new tissue. 
Prabhakaran [27] have studied the electrospinning 
fabrication of poly-L-lactide (PLLA), PLLA/HA and 
PLLA/collagen/HA substrates and its applicability as 
scaffolds for bone tissue regeneration. Poly-L-lactide is 
a biodegradable polymer with controlled degradation 
characteristics that can be used in tissue engineering 
and drug delivery therapies. Hydroxyapatite is a 
bioceramic frequently found in biomedical implant 
applications due to its biodegradability, bioactivity and 
osteoconductive properties. As a bioceramic, HA 
cannot be easily shaped in the bone defect sites due to 
its natural rigidity. However, synthetic biodegradable 
polymers can improve significantly the mechanical 
properties of HA. The in vitro assays demonstrated that 
when HA is introduced in the polymer matrix (PLLA/HA 
scaffolds) a higher cell proliferation is observed when 
comparing to PLLA scaffolds. Furthermore, the 
presence of collagen has accelerated the cell 
attachment and proliferation on PLLA/collagen/HA 
scaffolds. Osteoblasts were found to adhere and grow 
actively on PLLA/collagen/HA nanofibers with mineral 
deposition 57% higher than in the PLLA/HA nanofibers. 
The study concluded that the synergistic effect of the 
presence of an ECM protein, collagen and HA in a 
biocomposite scaffold holds great potential for 
adhesion, proliferation and mineralization of 
osteoblasts.  
In order to develop a bioactive membrane for 
guided bone regeneration, Wei Ji [28] has proposed 
the functionalization of an electrospun membrane with 
a chemotactic factor. 
Guided bone regeneration is typically used as a 
strategy to heal bony defects in the craniomaxillofacial 
region. For that purpose, the creation and preservation 
of an isolated space using a membrane as a barrier to 
avoid the invasion of fast growing epithelial and other 
soft tissues into the osseous defect is required. This 
allows osteogenic cell populations originating from the 
parent bone to inhabit the osseous defect [34]. These 
membranes need to be flexible to adapt to a bone 
defect, preserve the space for bone formation and to 
attach to soft tissues. On the other hand, 
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biodegradability is also a requirement since it avoids 
surgery in order to remove the membrane. Among the 
multiple types of progenitor cells located in the bone 
marrow, bone marrow stromal cells (BMSCs) are 
considered the most powerful ones during bone 
regeneration due to its multi-lineage differentiation 
capacity [35]. In addition, cytokines and chemokines 
are important factors in mobilization control, trafficking 
and homing of stem/progenitor cells [36]. Thus, it is 
essential to increase their local concentration at the 
target site to induce BMSCs recruitment. 
Wei Ji [28] described the preparation of an 
electrospun membrane of PCL blended with B-type 
gelatin functionalized with stromal cell derived factor-1 
 (SDF-1 ) by physical adsorption. Among various 
cytokines or chemokines, SDF-1  is particularly 
important in BMSCs homing and localization within the 
bone marrow. These authors found that PCL/gelatin 
electrospun membranes clearly acted as a SDF-1  
carrier providing a diffusion-controlled release profile. 
The bioactive membrane also induced in vitro BMSCs 
recruitment, demonstrating a great potential for guided 
bone regeneration. 
3.1.3. Muscles 
Skeletal muscle tissue is composed of bundles of 
highly oriented and densely packed muscle fibers each 
with multinucleated cells derived from myoblasts. The 
fibers are densely packed together in ECM to constitute 
an organized muscle tissue that generates longitudinal 
contraction [3]. For muscle tissue reconstruction, 
scaffolds should allow cellular organization mimicking 
native individual fiber formation with unidirectional 
orientation. Electrospun scaffolds should thus have 
appropriate material characteristics for skeletal 
muscles: biocompatibility to allow cell adhesion and 
growth, degradability over time and elasticity to 
accommodate contractile function. 
Similar to what has been done for blood vessels 
regeneration, Choi [29] studied the feasibility of using 
PCL/collagen based nanofibers as a scaffold system 
for implantable engineered muscles. They investigated 
how the orientation of electrospun PCL/collagen 
nanofibers influences morphology, adhesion, prolifera-
tion, differentiation and organization of human skeletal 
muscle cells. They concluded that unidirectional 
oriented nanofibers can significantly induce the 
alignment of muscle cell and myotube formation 
compared to randomly oriented nanofibers. Aligned 
nanofiber scaffolds may provide implantable functional 
muscle tissues for patients with large muscle defects.  
It has been reported so far the development of 
single tissue types. However, there is an increasing 
demand for complex composite tissue engineering, 
such as tissue interfaces, possessing coordinated 
functions [37]. Ladd [30] has proposed the engineering 
of muscles-tendon junction (MTJ) tissues. One 
challenge in engineering MTJs is the design of a 
continuous scaffold suitable for both tissue types. 
Muscle-tendon junctions require a seamless interface 
to allow force transfer from muscle to tendon. These 
authors proposed the fabrication of a dual scaffold 
which exhibits local mechanical property differences 
mimicking the trends seen in native MTJs. Co-
electrospinning was used to create three distinct 
scaffold regions: a PCL/collagen region (one end side), 
a PLLA/collagen region (opposite end side) and an 
overlap region (center). Both polymers were blended 
with collagen since it improves cell attachment. The 
mechanical properties of the three regions were 
evaluated: the PLLA/collagen side of the scaffold was 
the stiffest one showing the lowest strain (similar to the 
tendon); the PCL/collagen side was the most compliant 
displaying the highest strain (analogous to the muscle); 
and the middle region possesses an intermediate 
stiffness and strain levels (similar to the junction). The 
structure achieved distinct mechanical properties and 
demonstrated to be an attractive solution for MTJ 
tissue engineering. 
3.2. Drug Delivery 
Controlled release is an efficient process for 
delivering drugs in medical therapy. In a controlled 
release system, the active substance is loaded into a 
carrier or device and then released at a predictable 
rate. Exciting developments have been recently made 
in this field. Due to the high surface area to volume 
ratio, electrospun nanofibers provide a useful pathway 
for drug delivery and the release profile can be finely 
controlled by modulation of nanofiber morphology, 
porosity and composition [38]. The simplicity of the 
electrospinning process can also provide the ability to 
conveniently incorporate therapeutic compounds into 
the electrospun fibers. The drug can be loaded to the 
electrospun fibers by several methods such as coating, 
embedding, and encapsulating by coaxial and emulsion 
electrospinning [3].  
Using the coating method, drug molecules can be 
adsorbed or cross-linked to the surface of electrospun 
fibers via a physical or chemical method. Choi [39] has 
reported the chemically conjugation of a recombinant 
human epidermal growth factor (rhEGF) with the 
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surface of electrospun nanofibers for in vivo wound 
healing treatment of diabetic ulcers. Current treatments 
for diabetic foot ulcers include the administration of 
disinfectants followed by application of epidermal 
growth factor (EGF)-containing gels around the lesions. 
This work involved the electrospinning of biocom-
patibles nanofibers with functional amine groups on the 
surface (PCL and PCL/poly(ethylene glycol, PEG, 
block copolymer). Upon immersion in an aqueous 
solution, the exposed functional amino groups on the 
surface of the nanofibers were chemically conjugated 
to rhEGF by activating the carboxylic groups of the 
protein. Human primary keratinocytes were cultivated 
on EGF-conjugated nanofibers in order to investigate 
the effect of EGF nanofibers on the differentiation of 
keratinocytes. Therefore, wound healing effects of the 
EGF nanofibers were successfully confirmed in diabetic 
animals with dorsal wounds.  
Another possibility to produce drug-loaded fibers is 
to electrospun a polymer solution that also contains the 
therapeutic compound. It is required in this process that 
the drug solution and polymer solution must be either 
miscible liquids or that solid drug particles can be well 
dispersed into the polymer solution. Peng [40] has 
investigated the use of poly(ethylene glycol)/poly( D, L-
Lactide copolymer electrospun fibers as a drug delivery 
system. This copolymer is known to have a good 
biocompatibility in vivo and improved degradation rate. 
Paracetanol (acetaminophen, N-(4-hydroxy-phenyl) 
acetamide) was chosen as the model drug since it is 
widely used as analgesic and antipyretic drug. The 
drug was mixed with the copolymer solution and 
electrospun to form the fiber mats. In vitro matrix 
degradation profiles of these fibers were characterized 
by measuring their weight loss, the molecular weight 
decrease and their morphology change. It was 
observed from these studies that scaffolds with smaller 
fiber diameter have a higher contact area between 
polymer and water which, consequently, accelerates 
the matrix breakdown. In addition, in vitro drug release 
assays have demonstrated that the release behavior 
mainly depends on polymer matrix degradation and 
drug diffusion. In conclusion, the drug release rate can 
be controlled by polymer degradation which can be 
tuned by adjusting the electrospun fiber diameter and 
its porosity. 
Since the loading of bioactive drugs into electrospun 
fibers via embedding method is still a challenge, the 
electrospun of core-shell and hollow structured fibers 
come as a solution for the preparation of drug delivery 
systems for larger molecules [41-43].  
The emulsion electrospinning is an attractive 
approach to encapsulate a drug into a fiber. This 
process is quite similar to conventional electrospinning 
except that the solution is replaced with a water-in-oil 
emulsion [42]. Kai Wei [43] proposed a fluorescein 
isothiocyanate-dextran (FITC-dextran)/poly(lactic-co-
glycolic acid) (PLGA) fibrous composite scaffold. Used 
as a model drug, FITC-dextran was previously 
dissolved in an aqueous solution and then was 
emulsified with the PLGA oil phase to prepare the 
emulsion electrospinning dope. Morphological 
characterization showed that the inner component 
FITC-dextran was properly wrapped in the center of 
PLGA. Moreover, the core-shell structure helped the 
sustained release of the model drug from the fiber. A 
burst release profile of 60% is notorious for the first 2 
weeks after which the scaffold exhibited a sustained 
release profile of approximately 1% cumulative release 
per day for 4 weeks long. The developed scaffold has 
displayed a release profile that might be useful for site-
specific drug-release systems.  
3.3. Bioelectronics 
Bioelectronics combines biology, electronics and 
nanotechnology sciences. Multifunctional devices can 
be made by integrating biological materials with 
electronic elements providing a novel and broad 
platform for biochemical and biotechnological 
processes [44]. These functional devices can be used 
to develop sensing systems, as enzyme-based 
biosensors [45], DNA-sensors [46], immunosensors 
[47], and to develop implantable biofuel cells [48] for 
biomedical applications, self-powered biosensors [45], 
autonomously operated devices, among others.  
3.3.1. Biosensors 
Biosensors can be described as integrated 
receptor-transducer devices which provide selective 
quantitative or semi-quantitative analytical information 
using biological recognition elements [44]. The main 
advantages of biosensors over traditional analytical 
detection techniques are their cost-effectiveness and 
fast and portable detection, which makes in situ and 
real time monitoring possible [49].  
Enzymes are well-known biological sensing 
materials used in the development of biosensors due to 
their specificity. The immobilization of the enzyme is a 
critical step in the design of the sensor, since it is 
essential that the biological element exhibits maximum 
activity in its immobilized environment. Tang [50] 
proposed the modification of Pt electrodes with 
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electrospun titanium dioxide (TiO2) nanofibers for 
electrochemical detection. TiO2 nanofibers were 
prepared by electrospinning and deposited onto Pt 
electrodes surface. The surface of the modified 
electrodes was later coated with glucose oxidase 
(GOx). As a result, the amperometric response of the 
prepared enzyme electrodes indicated a higher 
sensitivity to glucose than those without the nanofibers. 
The enzyme showed good affinity to TiO2 nanofibers 
due to its relevant biocompatibility and higher surface 
area. In summary, it was essential to modify the Pt 
electrodes with an optimal density of nanofibers to 
obtain the maximum improvement of glucose 
bioelectrocatalytic properties.  
Recently, novel free probe type nanoscale 
biosensor based on a single mesoporous Zinc Oxide 
(ZnO)/Chitosan hybrid nanostructure has been 
proposed by Zhao [51]. A single mesoporous ZnO 
nanofiber prepared by electrospining with subsequent 
annealing process was placed on the surface of the 
substrate electrode (SiO2 /Au). The GOx enzymes 
were successfully immobilized in the ZnO nanofibers 
by electrostatic adsorption interaction and chitosan was 
further applied onto the electrode surface to prevent 
possible enzyme leakage. Thus, the prepared 
biosensor exhibited excellent sensitivity and fast 
response. The characteristic structure of mesoporous 
ZnO with pores and protuberances is favorable for 
enzymes loading and contributes to enhance the 
electrical communication efficiency. The free probe 
construction indicates that the single ZnO/Chitosan 
hybrid nanostructure has the potential to be further 
developed as a nanoprobe for trace detection in 
microcell and microbial monomer in in-vivo research. 
As it was previously described, the immobilization of 
biological compounds is an essential step for 
biosensors since it affects the sensitivity, selectivity and 
long-term stability of the device. Therefore, electrospun 
nanofibers appear as ideal support for the 
immobilization of biomolecules. 
3.3.2. Energy Harvesting Systems 
Scientific progress in this area has enabled a 
decrease in the electrical requirements of miniaturized 
devices, the development of a suitable power source 
remains a major challenge for many devices in the 
bioengineering and medical fields. Harvesting energy 
directly from the environment is one of the most 
effective and promising approaches for powering such 
devices [44, 52-56]. 
The electrospun fibers opened new paths for the 
creation of novel, lightweight and flexible 
nanostructures to be used as power source systems. 
Our research team has proposed the development of 
an electrospun cellulose-based electrochemical device 
which can take advantage of the ionic content of the 
physiological fluids to generate electrical energy [22, 
57]. The bio-battery proposed is composed by an 
ultrathin monolithic structure of an electrospun 
cellulose acetate membrane over which were 
deposited metallic thin film electrodes by thermal 
evaporation on both surfaces (Figure 2). In fact, the 
polymeric matrix has an important role since it works 
not only as a separator but also as the support for the 
electrodes. The metallic layers do not form a 
continuous film over the membrane surface when 
deposited. They cover the fibers all around instead, 
allowing the preservation of the main properties of the 
membrane (flexibility, porosity, and surface area). The 
concept has been proven by using a Ag/cellulose 
acetate/Al nanofiber structure which has demonstrated 
the ability to generate electrical energy from simulated 
body fluids and displayed a power density of 3 W.cm
-2
 
[57]. Considering that a typical power required for a 
pacemaker operation is around 1 W, the results are 
quite promising. Besides the supply of low power 
consumption devices, biochemical monitoring systems 
and artificial human muscles stimulation mechanisms 
can also be foreseen as potential field of applications 
where this kind of implantable power sources are 
desirable [22].  
 
Figure 2: Bio-battery developed by our research team. It 
consists in a highly porous and flexible celulose-based 
structure over which were deposited metallic thin film 
electrodes. 
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CONCLUSIONS 
Electrospun fibers have exceptional properties, 
such as high specific surface area and can be easily 
design to have enhanced mechanical properties, 
biocompatibility and cellular response making them 
appealing to be used in composites materials in the 
medical field. 
In tissue engineering, electrospun scaffolds made of 
composite materials exhibit great performance in cell 
attachment and proliferation. Some of the studies on 
tissue engineering were reviewed in this paper, such as 
regeneration and mimicking of blood vessels, bones 
and muscles. The simplicity of the electrospinning 
process is also suitable to incorporate therapeutic 
compounds into the fibers providing a useful pathway 
for the development of drug delivery systems. 
Additionally, functional electrospun nanofibers have 
offered opportunities to construct more efficient 
interfaces with electronic components with sizes 
comparable to those of molecules. Electronics can be 
made lightweight, flexible and capable of intimate, non-
invasive integration with soft and curvilinear surfaces of 
biological tissues offering important opportunities for 
diagnosing and energy harvesting.  
In summary, this paper reviews new insights in the 
development of advanced nanostructured composites 
materials based on electrospun fibers. From tissue 
engineering to bioelectronics, these composite 
materials can be found in the most promising research 
developments for biomedicine. 
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